Objectives: Hypoalbuminemia occurs in 25% to 76% of patients hospitalized for acute heart failure (HF) and is associated with increased mortality. Hypoalbuminemia may predispose patients to intravascular volume depletion, hypotension, and acute worsening of renal function; however, its association with treatment outcomes during hospitalization is unknown. Methods: This retrospective cohort study involved 414 adult patients hospitalized for HF requiring intravenous diuretics. Temporal changes in serum albumin and the association of hypoalbuminemia with urine output, renal function changes, blood pressure, use of intravenous vasoactive drugs, and short-term outcomes were assessed. Results: Serum albumin decreased in most patients (72%) during hospitalization. Hypoalbuminemia was present in 29% and 50% of patients based on the mean admission and nadir serum albumin level, respectively. Hypoalbuminemia as assessed by the nadir albumin level was associated with an increased risk of acute worsening of renal function. A nadir albumin level of <3.0 g/dL remained significantly associated in the multivariate analyses. Conclusions: Serum albumin commonly decreases during hospitalization for acute HF. Hypoalbuminemia assessed using the nadir level during hospitalization, not the admission level, was associated with an increased risk of acute worsening of renal function. The timing of serum albumin measurement may influence its utility as a biomarker.
Introduction
Numerous novel laboratory biomarkers have demonstrated value in the prognostication and diagnosis of heart failure (HF). However, application of these biomarkers to daily clinical practice remains challenging because data are lacking on how these biomarkers could influence treatment decisions. In addition, many biomarkers require assays that are not readily available. The utility of biomarkers obtained in routine laboratory testing also needs further exploration.
Serum albumin is a potentially important biomarker in HF. Patients with HF exhibit multiple pathophysiologic alterations that may influence the serum albumin concentration, including hemodilution, cardiac cachexia and chronic malnutrition, impaired synthesis, and inflammation. 1, 2 Hypoalbuminemia is common in patients with HF and has a reported incidence ranging from 25% to 76%. [3] [4] [5] Hypoalbuminemia is a risk factor for the development of HF 6 and is predictive of mortality in patients with chronic HF 7, 8 and acute HF. 1, 4, [9] [10] [11] [12] [13] [14] [15] [16] However, interpretation of the serum albumin concentration and how it may influence clinical treatment decisions in patients hospitalized with HF is poorly understood. Additionally, whether the timing of serum albumin measurement influences the association of the albumin level with clinical outcomes remains unknown. One study suggested that this association may be related to the severity of hypoalbuminemia, 12 but this effect has not been well studied. Most studies have reported albumin levels from admission; 4, [10] [11] [12] however, one study measured albumin at the time of clinical stabilization. 9 Only a few studies have examined temporal changes in serum albumin in hospitalized patients with HF, and these studies mainly compared admission levels to discharge and outpatient levels. 13, 16, 17 Limited data suggest that repeat albumin measurements may be useful; in a subanalysis from the ESCAPE trial, increases in albumin, total protein, and hematocrit were associated with an increase in survival. 18 In addition, because albumin is the primary determinant of the plasma oncotic pressure, the presence of hypoalbuminemia may affect intravascular volume homeostasis and the response to diuretic treatment. 2 Patients with hypoalbuminemia may have relative intravascular depletion, potentially predisposing them to hypotension and reduced renal perfusion and contributing to reduced diuresis and an increased risk of acute worsening of renal function. A single-center study showed that hypoalbuminemia was the only factor associated with worsening renal function in patients with acute HF. 19 However, this finding was not replicated in a post-hoc analysis of the DOSE-AHF and ROSE-AHF trials. 20 This study was performed to evaluate the potential clinical utility of serum albumin as a biomarker in the management of acute HF by assessing the association of the serum albumin concentration, evaluated temporally during hospitalization, with hemodynamic and renal outcomes in patients hospitalized for acute HF.
Methods

Study design
This retrospective study included consecutive patients with acute HF who were hospitalized and admitted to the Intensive Cardiac Care Unit of the Los Angeles County-University of Southern California Medical Center from 1 January 2010 to 31 December 2010. Data were extracted from a computerized charting system and verified using paper charts as necessary. Patients at least 18 years of age admitted for acute HF who were treated with intravenous loop diuretics for a minimum of 48 hours and who had at least one serum albumin level measurement were included. In the initial diuretic regimen, 65% of patients were treated with a bolus of furosemide, 34% were treated with a continuous infusion of furosemide, and 1% were treated with a continuous infusion of bumetanide. Additionally, 8.2% of patients were switched from a bolus to a continuous infusion of furosemide, while 4.8% also received metolazone. The exclusion criteria were end-stage renal disease under treatment with scheduled hemodialysis, receipt of intravenous inotropic or vasopressor therapy at admission, or administration of intravenous albumin at any time during hospitalization. Hypoalbuminemia was defined as a serum albumin level of 3.4 g/dL. Acute worsening of renal function was defined as an increase in serum creatinine (SCr) of 0.3 mg/dL or 25% above baseline.
The study protocol was approved by the Institutional Review Board of the University of Southern California. Waiver of informed consent was granted by the Institutional Review Board because this study was retrospective and utilized existing data.
Objectives
The primary objective of this study was to determine the incidence of hypoalbuminemia based on the initial and lowest (nadir) recorded albumin levels during hospitalization. The secondary objectives were assessment of the temporal changes in albumin levels and the association of hypoalbuminemia with acute in-hospital clinical outcomes [daily urine output, in-hospital mortality, length of stay, incidence of sustained hypotension (systolic blood pressure of <90 mmHg for two consecutive readings 1 hour apart), diuretic dose, acute worsening of renal function, and need for diuretic regimen escalation]. To evaluate changes in albumin in relation to other laboratory markers that could indicate the intravascular volume status and hemoconcentration, the association of changes in albumin with changes in total protein, bicarbonate, hematocrit, and the ratio of blood urea nitrogen to SCr (BUN/SCr) was also examined.
Statistical analysis
Descriptive statistics were used to evaluate the incidence of hypoalbuminemia and describe temporal changes in the serum albumin concentration. Hypoalbuminemia was stratified into two levels of severity: mild (3.0-3.4 g/dL) and moderate/severe (<3.0 g/dL). For all comparative analyses across the admission and nadir serum albumin categories, one-way analysis of variance and the chi-square test (or Fisher's exact test) were performed for continuous variables and categorical variables, respectively. If either the normality or equalvariance assumptions underlying the traditional analysis of variance were violated, the Kruskal-Wallis test was used because it does not depend on normality or equal-variance assumptions.
Because an association between the nadir serum albumin concentration and incidence of acute worsening renal function was apparent upon the univariate analysis, a multivariable regression analyses was performed to assess the strength of the association. A stepwise model selection method was employed to identify the significant factors. Statistical significance was assessed using an a level of 0.05. Statistical analysis was performed using SAS 9.2 (SAS Institute, Cary, NC, USA).
Results
Patient population
In total, 441 patients met the inclusion criteria during the study period; of these, 27 met the exclusion criteria. Therefore, 414 patients hospitalized for acute HF were included in the study. Their mean age was 57 AE 13 years, and 35% were female. Most patients were Hispanic (60%); the remaining were Caucasian (17%), Asian (13%), African-American (9%), or undefined (1%). The etiology of HF was ischemic in 40% of patients. The mean left ventricular ejection fraction was 40% AE 17%, and 33% of patients had a preserved ejection fraction of !50%. The in-hospital mortality rate was 1%, and the mean length of stay was 6.9 AE 5.8 days.
Serum albumin and incidence of hypoalbuminemia
The median number of albumin level measurements for each patient was 2 (range, 1-27; interquartile range, 1-4). Among the 310 patients who underwent multiple measurements during their hospitalization, the mean change in the albumin level between the first and last recorded value was À0.25 AE 0.41 g/dL. The albumin level decreased in 72% of patients, remained unchanged in 8%, and increased in 20%. With respect to other laboratory markers with the potential to indicate hemoconcentration, albumin was moderately and strongly correlated with hematocrit and total protein, respectively, as expected. However, the serum albumin changes were not correlated with serum sodium, BUN/SCr, or serum bicarbonate. Categorical changes in the albumin level were not associated with clinical outcomes (data not shown).
The initial albumin level was measured within 24 hours of admission in 89% of patients. The mean initial albumin level was 3.7 AE 0.6 g/dL, and 29% of patients had an initial level of 3.4 g/dL. The distribution of patients presenting with hypoalbuminemia was as follows: 1% of patients had an albumin level of <2.0 g/dL, 6% had a level of 2.0 to 2.4 g/dL, 27% had a level of 2.5 to 2.9 g/dL, and 66% had a level of 3.0 to 3.4 g/dL. Because of the small number of patients, the lowest three tiers of severity were pooled and subsequent analyses were conducted by comparing the cohorts of patients with an albumin level of <3.0 g/ dL (moderate/severe), 3.0 to 3.4 g/dL (mild), and >3.4 g/dL (normal). The mean nadir serum albumin level was 3.4 AE 0.4 g/dL. Based on the nadir level, hypoalbuminemia was present in 50% of patients, with 29% in the mild range and 21% within the moderate/severe range. The median time between measurement of the initial and nadir albumin level was 1 day (interquartile range, 0-3 days). The patients' demographics and baseline characteristics stratified by the nadir albumin level are shown in Table 1 .
Hypoalbuminemia and outcomes
When patients were stratified by the initial serum albumin level, moderate/severe hypoalbuminemia was associated with a significantly higher in-hospital mortality rate (moderate/severe, 10.0%; mild, 0.0%; normal, 0.3%; p < 0.001), but not length of stay. In patients with hypoalbuminemia, the baseline SCr concentration was significantly higher (moderate to severe hypoalbuminemia vs. normoalbuminemia, p ¼ 0.018; mild hypoalbuminemia vs. normoalbuminemia, p ¼ 0.014) and the glomerular filtration rate was significantly lower (moderate to severe hypoalbuminemia vs. normoalbuminemia, p ¼ 0.022; mild hypoalbuminemia vs. normoalbuminemia, p ¼ 0.049), but the incidence of acute worsening of renal function was not significantly different among the groups. Other clinical endpoints, such as the mean hourly urine output, incidence of sustained hypotension, and use of intravenous vasoactive therapy (vasodilators, inotropes, and/or vasopressors), were not different in the univariate analyses. The clinical outcomes stratified by the initial serum albumin categories are shown in Table 2 .
In contrast, when patients were stratified by the nadir serum albumin, moderate/ severe hypoalbuminemia was significantly associated with in-hospital mortality (moderate/severe, 6%; mild, 0%; normal, 0%; p < 0.001) and length of stay (moderate/ severe, 9.8 AE 8.3 days; mild, 7.5 AE 5.9 days; normal, 5.3 AE 3.5 days; p < 0.001). In patients with hypoalbuminemia, the baseline SCr concentration was significantly higher (moderate to severe hypoalbuminemia vs. normoalbuminemia, p ¼ 0.011; mild hypoalbuminemia vs. normoalbuminemia, p ¼ 0.016) and the glomerular filtration rate was significantly lower (moderate to severe hypoalbuminemia vs. normoalbuminemia, p ¼ 0.012; mild hypoalbuminemia vs. normoalbuminemia, p ¼ 0.036). The incidence of acute worsening of renal function occurred significantly more often in patients with moderate/severe hypoalbuminemia (moderate/severe, 53%; mild, 34%; normal, 33%; p ¼ 0.004). The use of intravenous vasodilators, inotropes, and Table 3 . The association of the nadir serum albumin category with acute worsening of renal function was further assessed in a multivariate regression (Table 4 ). The presence of moderate/severe hypoalbuminemia relative to a normal albumin level was found to be significantly associated with an approximately two-fold increased risk for developing acute worsening of renal function (p ¼ 0.0483). Other variables found to be significantly associated with acute worsening of renal function were baseline SCr (p < 0.0001), hematocrit (p ¼ 0.0039), length of stay (p < 0.0001), and antiplatelet use (p ¼ 0.0054). The association of the nadir serum albumin with in-hospital mortality was not explored in the multivariate analysis because of the low event rate.
Discussion
Hypoalbuminemia is a common finding in patients with HF and an established marker of a poorer prognosis. However, data regarding the importance of serum albumin in hospitalized patients have been largely limited to interpretation of a single level, usually obtained upon admission. Our analysis of patients hospitalized for acute HF receiving intravenous diuretics confirms that the incidence of hypoalbuminemia is high. However, the most important finding of the current analysis is that serum albumin levels changed during hospitalization and that the timing of the laboratory evaluation may influence the utility of albumin as a biomarker.
Temporal changes in serum albumin
Overall, the serum albumin levels tended to decrease in patients who had undergone sequential serum albumin level measurement during hospitalization. Therefore, the incidence of hypoalbuminemia was greater when considering the nadir serum albumin level (50%) than when considering the serum albumin level at the time of admission (29%). With respect to the prognostic utility of serum albumin, this difference may have implications for proper patient risk stratification. Temporal changes in serum albumin have not been studied extensively. Our results are consistent with those of a retrospective analysis of patients enrolled in clinical trials of serelaxin, which revealed a similar mean decrease (À1.4 mg/dL on day 2). 21 Conversely, post-hoc analyses of the EVEREST and ESCAPE study populations found no substantial decrease in the mean albumin levels. 16, 17 However, these studies only evaluated levels at admission and discharge or day 7; therefore, we cannot draw conclusions regarding the acute changes seen in our study and the serelaxin studies.
Mechanisms for the observed temporal decrease in albumin
Although there is evidence for the contribution of a fluid overload-induced increase in the intravascular volume to the development of hypoalbuminemia in patients with HF, 1 the net decline in albumin during hospitalization suggests that other mechanisms may also contribute to hypoalbuminemia by decreasing albumin synthesis; such mechanisms include cardiac cachexia, chronic malnutrition, and/or hepatic congestion. 22 In addition, changes in the serum level of albumin (a negative acutephase reactant) may be related to systemic inflammatory responses during acute HF, 1 which could initially increase the albumin level followed by a decline once the patient is initially stabilized. Increased transcapillary escape of albumin from the intravascular to extravascular space may also be associated with hypoalbuminemia. 2 Consistent with the above hypotheses, the serum albumin level was not correlated with other laboratory biomarkers commonly used to assess intravascular volume depletion or hemoconcentration in the present study. In all studies evaluating temporal changes in serum albumin, the lack of a clear increase in levels and improvement in the incidence of hypoalbuminemia highlight the need for continued study of the mechanisms influencing liver function tests in patients with acute HF.
Practical utility of albumin as a biomarker
Moderate to severe hypoalbuminemia as defined by the nadir but not the admission serum albumin concentration was significantly associated with important acute treatment and clinical endpoints. A nadir serum albumin level of <3 g/dL was associated with an increased risk of acute worsening of renal function, lower mean hourly urine output, and increased use of intravenous vasoactive therapies and renal replacement therapy. Considering the importance of acute worsening of renal function to HF, we conducted a multivariate analysis that confirmed the independent prognostic value of a nadir serum albumin level of <3 g/dL. Using the admission serum albumin levels to categorize patients only provided signals related to these endpoints. Limited literature exists regarding the association of hypoalbuminemia with acute treatment outcomes. Our results differ from those of a previous observational study that found no association with worsening renal function or response to diuretic therapy in patients with a serum albumin level of 3 g/dL. 19, 23 However, the definition of worsening renal function differed (only SCr changes of >0.3 mg/dL) and the timing of the baseline serum albumin measurement was not explicitly stated. The mean diuretic doses were much higher than in our study population, and all their patients received continuous infusions. Post-hoc analysis of the DOSE and ROSE-AHF studies also showed no association of serum albumin with worsening renal function using a dichotomous cut-off of 3.5 g/dL; however, only baseline serum albumin was assessed. 20 Notably, the authors did find a trend toward greater diuresis in patients with normal albumin levels. These discordant findings across heterogeneous studies support the need for further examination of the potential influence of the timing of serum albumin measurement in the context of acute prognostication.
Limitations
As with all observational studies, the current results should be viewed as hypothesisgenerating. The primary limitation is the non-standardized sampling of albumin levels. The initial albumin levels reported are likely representative of the admission values because the vast majority were obtained within 24 hours of admission. Conversely, the nadir values that were significantly associated with worse renal outcomes were not obtained at standard times, making it more difficult to use this information to assess risk in other patients. However, most nadir levels were reached the day after admission; therefore, measurement of the albumin level in the early part of admission may still allow for determination of this risk. Although hypoalbuminemia was associated with acutely worsening renal function in the multivariate analysis, whether it predicts or causes the acute worsening of renal function or whether renal insufficiency contributes to the development of hypoalbuminemia remains unclear. Most of the nadir albumin levels were obtained within 1 day of hospitalization, suggesting that hypoalbuminemia preceded the development of acute worsening of renal function rather than being the result of the renal event in many patients. However, whether hypoalbuminemia is simply a marker or a causative factor in different patients requires further study. In addition, studies involving albumin levels in patients with decompensated HF have also included different thresholds for hypoalbuminemia. Thus, whether the observed associations are reflective of a certain threshold as opposed to a linear relationship to serum albumin remains uncertain. We were unable to include patients' New York Heart Association functional class because it is not well documented at our institution. Therefore, we could not determine whether more patients with severe hypoalbuminemia had functional class IV heart failure and thus we cannot rule out the possibility of functional class contributing to the mortality difference.
Conclusion
Overall, our results suggest that the timing of serum albumin level assessment may influence the utility of albumin as a biomarker of short-term clinical outcomes in patients with acute HF. In patients with acute HF receiving intravenous diuretics, moderate/severe hypoalbuminemia as determined by the nadir but not admission serum albumin level is associated with a greater risk of acute worsening of renal function and the need for intravenous vasoactive therapies. The mechanisms underlying these associations require further study before determination of how the serum albumin level may influence clinical practice decisions.
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